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Effect of tire chips as lightweight fill on pavement performance 

I’Effet de morceaux de pneux comme materiaux de remplissage sur le comportement de chaussees

D. N. Hum ph rey  -  D e pa rtm e nt o f C ivil a nd E nvironm enta l Engineering, U niversity o f M aine, O rono, M aine, USA 

W. L. N icke ls, J r  -  Foundation Engineering, Inc., C orvallis, Oreg., USA

.ABSTRACT: Tire chips are scrap tires that have been cut into 25-mm to 300-mm pieces. They have a compacted dry density o f 0.64 to
0.95 Mg/m3, thus they are an attractive source o f lightweight fill. However, tire chips are about three orders o f magnitude more 
compressible than granular soils, so pavement underlain by tire chips experiences greater deflections. Two field trials were constructed on 
secondary highways to investigate the effect o f tire chip fill on asphaltic concrete pavement performance. Measurements made with a 
modified Benkelman beam show that sections underlain by tire chips have a broad, flat deflection basin. A numerical model was used to 
show that for soil cover thicknesses greater than 457 mm there is little effect on tensile strains in the pavement and thus, would be 
expected to have little effect on pavement performance.

1 INTRODUCTION

Tire chips, which are scrap tires that have been cut into 25-mm to 
300-mm pieces, have a compacted dry density o f 0.64 to 0.95 
Mg/m3 (Humphrey and Manion, 1992). This is one-third to one- 
half of typical soils, making tire chips an attractive source of 
lightweight fill for embankments constructed on weak, 
compressible soils. Tire chips have been used in this application 
for several projects (e.g., Upton and Machan, 1993; Hoppe, 
1994). In addition to being lightweight, tire chips are low-cost, 
durable, free draining, a good thermal insulator (Humphrey and 
Eaton, 1993), and produce low lateral earth pressures 
(Humphrey, et al., 1993; Tweedie, 1996). Machines to produce 
tire chips from scrap tires are readily available. There are about 
100 passenger car tires in a cubic meter o f compressed tire chip 
fill, so even small projects can use a significant number of tires, 
helping to alleviate a worldwide scrap tire disposal problem. 
However, tire chip fill is several orders o f magnitude more 
compressible than compacted soil fill. This has the potential to 
adversely affect the durability o f overlying asphaltic concrete 
pavement.

Two field trials were constructed on secondary highways to 
investigate the effect o f tire chip fill on pavement performance. 
The primary goal was to determine the effect o f the thickness of 
soil cover overlying the tire chip layer on pavement deflections 
and tensile strains. Measured pavement deflections where 
compared to those predicted by a numerical pavement deflection 
model. This paper will focus on a field trial in North Yarmouth, 
Maine, which had a thinner pavement and thinner soil cover over 
the tire chips compared to a second trial constructed in Township 
31MD, Maine.

A secondary goal o f the North Yarmouth field trial was to 

measure the effect o f tire chips on groundwater quality. 
Monitoring over a 3 year period has shown that the effect on 
groundwater quality is negligible (Humphrey, et al., 1997).

There have been over 70 projects that have used tire chips as 
fill beneath roads. However, in 1995, three fills that experienced 
serious heating reactions were widely reported. The tire chip 
layer in these fills were greater than 8 m thick, making them the 
three thickest fills constructed to date. It appears that these 
reactions were caused by oxidation of excessive amounts of 
exposed steel belts and crumb rubber (particles less than 10 mm 
in size) aggravated by organic matter that was washed into the 
fill, free access to oxygen to support the reaction, and a tire chip 
thickness that was great enough to retain the heat that was 
generated (Humphrey, 1996). The many successful projects 
indicate that tire chip fills that limit the presence o f these factors 
do not experience a heating reaction.

In the following sections, the layout and construction of the 
North Yarmouth field trial is described, pavement deflections 
measured with a modified Benkelman beam are presented and 

compared to results predicted by a computer model, and 
minimum recommended cover thicknesses are discussed. Further 

details are gi'-en in Nickels (1995).

2 FIELD TRIAL LAYOUT AND CONSTRUCTION 

PROCEDURES

The project is located on the approach fill for the Route 231 
bridge over the Maine Central Railroad in North Yarmouth, 
Maine. This secondary highway has an annual average daily 
traffic count (AADT) of 1250 with only 10% being heavy trucks.

The field trial consists o f four 30-m long sections each with a 
610-mm thick tire chip layer and one 30-m long control section. 
Each tire chip section has a different thickness of overlying soil 
cover (sum of thicknesses of borrow cover and subbase course). 
The thicknesses range from 765 mm to 1,375 mm. Each section 
is topped with 127 mm of hot bituminous pavement. The tire 
chip layer is encased in a non-woven geotextile (Amoco 4551) 
which will permit drainage while preventing the underlying and 
overlying soil from migrating into the tire chips. A control 
section was constructed using standard soil fill and served as a 
baseline for comparing test results from the tire chip sections. 
Three seepage collection basins were installed to monitor 
groundwater quality as described by Humphrey, et al. (1997). 
The configuration o f the test sections is summarized in Table 1 
and is shown in cross section in Figure 1.

Table 1. North Yarmouth field trial configuration.

Section Tire

chip

type

Thickness o f layer (mm)

Tire chips Borrow

cover

Subbase

course

Pavement

1 B 610 130 635 127

2 A 610 430 635 127

3 A 610 740 635 127

4 A 610 130 635 127

Control . . . . . . . . 635 127

Two sizes o f tire chips were used. Type A chips were 
uniformly graded and had a nominal maximum size of 76 mm (3- 
in.). Gradation specifications required that 100% pass the 76-mm 
square mesh sieve, a minimum of 50% pass (by weight) the 51- 
mm square mesh sieve, and a maximum of 20% pass (by weight) 
the No. 4 (4.75 mm) U.S. standard sieve. Type B chips were 
uniformly graded and had a nominal maximum size of 305 mm. 
Gradation specifications required that the maximum size 
measured in any direction not exceed 305 mm, a minimum of 
75% (by weight) pass the 203-mm square mesh sieve, and a 
maximum of 20% (by weight) pass the 51-mm square mesh sieve. 
Furthermore, it was required that at least one side wall be severed 
from the tread o f each tire. A maximum of 1 percent by weight 
o f free steel was allowed, where free steel was defined as steel 
belt that was not at least partially encased in rubber. For both 
Types A and B chips, the construction specifications were not

1617



completely met since both contained some oversize pieces. The 
tire chips were made from a mixture o f steel and glass-belted 
tires. They were irregular in shape and had steel belts protruding 
from the cut edge of the chip. Approximately 100,000 chipped 
tires were used for this project. Considering that the total length 
of the tire chip sections were 122 m, this clearly shows that a 
large number of tires can be used even on small projects.

The borrow cover used over the tire chip sections was a poorly 
graded sand with an AASHTO classification o f A-3. One 
gradation test showed that the actual percent passing the No. 200 
(0.075 mm) sieve was 12%. The subbase course was 635 mm 
thick and was a gravel which met the following gradation 
specification: 25-70% passed (by weight) the 6 mm square mesh 
sieve, 0-30% passed the No. 40 (0.425 mm) U.S. standard sieve, 
and 0-7% passed the No. 200 (0.075 mm) U.S. standard sieve. 
The subbase course was topped with 127 mm of hot bituminous 
pavement.

Type A chips were placed and compacted in two 305-mm 
thick lifts. Tire chips were spread with a track mounted bulldozer 
which was able to achieve the specified grade within ±25 mm. It 
proved to be difficult to spread the larger Type B chips in the 
305-mm specified lift thickness because of the many exposed steel 
belts which tended to interlock. Measurements made during 
compaction showed that smooth drum or tamping foot vibratory 
rollers with a static weight o f 9 metric tons and a track mounted 
bulldozer with a contact pressure of 59 kPa all were equally 
effective. However, a loaded 11 m3 dual rear axle dump truck 
proved to be ineffective since its tires sank deeply into the tire 
chips and fluffed up the tire chips rather than compacting them. 
The truck also received several flat tires resulting from the steel 
belts protruding from the tire chips. The compacted, in-place 
densities were computed by dividing the total mass of tire chips 
placed in the fill by the volume of the fill as measured by surveyed 
cross sections. The resulting densities were about 0.69 Mg/m3 
for the Type A chip and 0.61 Mg/m3 for the Type B chip. These 
values are similar to those obtained from laboratory compaction 
tests (Humphrey, et al., 1993).

deflection basin caused by a static 80-kN axle load; (2) a road 
rater that measures the response o f pavement subjected to a high 
frequency vibratory excitation; and (3) a heavy weight 
deflectometer (HWD) that measures the response o f pavement 
impacted with a falling weight. The Benkelman beam provided 
the most useful information and will be presented in this paper. 
Measurements were taken at eight locations in each section.

A standard Benkelman beam was modified to allow 
measurement o f the large diameter deflection basin expected for 
paved surfaces underlain by tire chips. In addition, dial gages 
were mounted along the arm of the beam to measure the shape of 
the deflection basin rather than just the maximum deflection at the 
centerline o f the wheel load. The dial gages had an accuracy of
0.0025 mm. The modified beam was fabricated from square steel 
tube and extended 4.88 m in front o f the fulcrum, twice the 
distance for a standard beam. To obtain repeatable readings it 
was necessary to add counter weights behind the fulcrum so that 
only a minimum force was applied at the wheel probe. A sketch 
o f the beam is shown in Figure 2.

For a given test section, the shape of the deflection basins fell 
within a relatively narrow range. To facilitate comparison of 
deflection basins, the average deflection basin was computed for 
each test section as shown in Figure 3. Zero horizontal distance 
corresponds to the centerline o f the dual-wheel load. The 
magnitude o f the deflections increase as the thickness o f the soil 
cover between the top of the tire chips and the bottom of the 
pavement decreases. Comparing Sections 1 and 4, which have 
the same soil cover thickness, the larger Type B chips produce 
larger deflections than the Type A chips. In addition, the control 
sections produce rather narrow deflection basins with a diameter 
o f less than 1 m while the tire chip sections produce broad 
deflection basins with a radius o f 3 to 4 m. Near the centerline 
of the wheel load, there is little difference between the shape of 
the basin in the tire chip sections and the control section. This 
suggests that the tensile strains in the bottom of the pavement will 
be similar.

4 NUMERICAL MODEL OF TENSILE STRAINS
3 MEASURED PAVEMENT DEFLECTIONS

The shape of the deflection basins was modeled using 
Pavement deflections were measured in three ways: (1) a KENLAYER, a numerical solution for nonlinear elastic multilayer 
Benkelman beam that was modified to measure the shape of the systems under a circular loaded area (Huang, 1993). The model

Figure 1. Typical cross section o f North Yarmouth field trial.

Height
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was used to obtain an estimate o f tensile strains in the bottom of 

the pavement.
The following relationship was used to represent the modulus 

of the soil

E(kPa) = K ,0K2

where 9 is the first stress invariant in kPa, and K[ and K2 are 
experimentally determined constants. The subbase and common 
borrow overlying and beneath the tire chip layer were a mixture 
of sand and gravel. Rada and Witczak (1981) recommend Kj =
11,100 kPa and K2 = 0.53 for this soil type. The Poisson's ratio 
was taken to be 0.29 and the coefficient of lateral earth pressure 
at rest was taken to be 0.40.

The pavement was taken to be linear elastic. The pavement 
modulus was adjusted to obtain a reasonable match between the 
measured and computed deflection basins in the control section. 
Good agreement was obtained for a pavement modulus of 276 
MPa and Poisson's ratio o f 0.35. While this modulus is relatively 
low, it is reasonable for deflections measured on sunny days in 
August when the air temperature was in excess o f 29°C.

The modulus of tire chips was found to follow the same non
linear relationship used for soils as given above. Kj was found to 
be 4.4 kPa and K2 was found to be 1.16 using a large scale one
dimensional compressibility apparatus instrumented to measure

lateral pressure (Nickels, 1995). Tire chips are three orders of 
magnitude more compressible than soil.

The load was applied to the pavement as two circular loaded 
areas with a radius o f 96 mm and a contact pressure of 689 kPa. 
The center to center spacing o f the two loaded areas was 343 mm 
to simulate a dual wheel.
Predicted pavement deflections for Section 4 and the control 
section are compared to deflections measured in August, 1994, 
and a second set o f measurements taken in August, 1995 (see 
Figure 4). The agreement is very good, although deflections are 
slightly overpredicted in the control section. Very good 
agreement was also obtained for Sections 2 and 3. Section 1 
contains the larger Type B chips, whose compressibility has not 
been measured in the lab, so no analysis was done for this section. 
The maximum tensile strain in the bottom of the pavement was 
essentially the same in the control section and the tire chip 
sections, suggesting that for the soil cover thicknesses and tire 
chip thickness used in the field trial, the tire chips will not be 
detrimental to pavement longevity.

Additional analyses were performed to estimate how thin the 
soil cover could be before detrimental tensile strains developed in 
the bottom o f the pavement. A pavement thickness of 127 mm 
and a tire chip layer thickness o f 610 m were used. The results 
are summarized in Table 2. The analyses indicate that there is a 
negligible effect on tensile strains for cover thicknesses greater 
than 457 mm.

Horizontal Distance (m)

Figure 3. Average deflection basins for North Yarmouth field trial.

Figure 4. Comparison of measured and predicted pavement deflection basins.
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Table 2. Effect o f cover thickness on maximum tensile strains in

bottom o f pavement.

Overlying soil cover 

(mm)

Maximum tensile 

strain (et) (%)

Ratio of 

(ery(e,)son

0 -0.63 13.0

229 -0.099 2.0

457 -0.051 1.0

610 -0.044 0.9

762 -0.042 0.9

All soil -0.048 1.0

5 CONCLUSIONS

Tire chips are approximately three orders o f magnitude more 
compressible than granular fill. This leads to increased pavement 
deflections for sections underlain by tire chips. However, two 
trial roads underlain by 610 mm of tire chips and with overlying 
soil cover as little as 762 mm have shown that the deflection basin 
is broad and flat, which would tend to reduce the maximum 
tensile strain in the bottom of the pavement. A numerical model 
was used to predict the shape of the deflection basin and the 
tensile strain in the bottom of the pavement. Very good 
agreement was obtained between the predicted deflection basins 
and those measured with a modified Benkelman beam. The 
model suggests that with 127 mm of pavement and 610 mm of 
tire chips, a 457 mm soil cover should be adequate to limit tensile 
strains in the pavement. However, cover thicknesses less than 
762 mm should be considered experimental until the numerical 
results can be confirmed with field trials with soil cover 
thicknesses thinner than used in this study.

REFERENCES

Hoppe, E.J. (1994). Field Study of a Shredded-Tire 
Embankment, 46 pp. Report No. VTRC 94-IR1. Virginia 
Transportation Research Council, Richmond, VA.

Huang, Y.H. (1993). Pavement Analysis and Design, 805 pp. 
Prentice Hall, Englewood Cliffs, NJ.

Humphrey, D.N. (1996). Investigation of Exothermic Reaction in 
Tire Shred Fill Located on SR 100 in Ilwaco, Washington, 44 
pp. Report to Federal Highway Administration, Washington, 

D C .
Humphrey, D.N., and Eaton, R.A. (1993). Tire chips as insulation 

beneath gravel surfaced roads. Proc. Int. Symp. on Frost in 
Geotechnjcal Engng. Balkema, Rotterdam.

Humphrey, D.N., Katz, L.E., and Blumenthal, M. (1997). Water 
quality effects o f tire chip fills placed above the groundwater 
table. Symp. on Testing Soil Mixed with Waste or Recycled 
Materials. ASTM, West Conshohocken, PA. (in preparation)

Humphrey, D.N. and Manion, W.P. (1992). Properties of tire 
chips for lightweight fill. Proc. o f Conf. on Grouting, Soil 
Improvement, and Geosynthetics, Vol. 2, 1344-1355. ASCE, 
New York.

Humphrey, D.N., Sandford, T.C , Cribbs, M.M., and Manion, 
W.P. (1993). Shear strength and compressibility of tire chips 
for use as retaining wall backfill. Transportation Research 
Record 1422, 29-35. Transportation Research Board, 
Washington, D C.

Nickels, W.L., Jr. (1995). The Effect o f Tire Chips as Subgrade 
Fill on Paved Roads, 215 pp. M.S. Thesis, Dept, of Civil and 
Env. Eng., Univ. o f Maine, Orono, ME.

Rada, G., and Witczak, M.W. (1981). Comprehensive evaluation 
of laboratory resilient moduli results for granular materials. 
Transportation Research Record 810, 23-33. Transportation 
Research Board, Washington, D C.

Tweedie, J. (1996). Full scale trials o f tire chips as retaining wall 
backfill, 325 pp. M.S. Thesis, Dept, o f Civil and Env. 
Engineering, Univ. o f Maine, Orono, ME.

1620


